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Rudall (1) reported that extraction of cow
snout epidermis with urea yielded two types
of proteins. The major one was a fibrous pro-
tein (epidermin) which had an a x-ray dif-
fraction pattern and a sulfur content of .8%.
The minor component showed an unoriented
,6 x-ray diffraction pattern and had a sulfur
content of 2.86%. These two proteins could be
extracted from both the malpighian layer and
the stratum eorneum. The fibrous protein was
soluble at pH 7.0 and had a molecular weight
of 60,000. Matoltsy (2) extended these studies
and reported that an a fibrous protein (pre-
keratin) could be extracted from the malpigh-
ian layer of cow snout epidermis using
citrate buffer at pH 2.65. Amino acid analysis
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Epidermis was obtained from white guinea pigs
and frogs (Rono pipiens) by stretching the ex-
cised skin and scraping with a scalpel. Human skin
obtained at autopsy was handled in a similar
fashion; an alternative method was heating the
skin at 60°C for 30 seconds prior to scraping. This
latter procedure did not alter the characteristics
of the extracted protein and allowed for easier
separation of the eepidermis. The epidermis was
homogenized in 20 volumes of .05M phosphate
buffer pH 7.4 with a glass homogenizer at 0°C for
1 minute and the homogenate centrifuged at
l000xg for 15 minutes. The sediments obtained
from the frog and guinea pig were rehomogenized
in 0.1M sodium citrate or formate buffer pH 2.65
and the mixtures stirred at 10°C for varying pe-
riods. A clear supernatant was obtained by cen-
trifugation at 20,000xg for 1 hour. The human
epidermal sediment was rehomogen.ized in 0.IM
formate buffer; the mixture was stirred for 24
hours at 10°C, dialyzed against sodium formate
buffer pH 2.65 and clarified by centrifugation at
20,000xg for 1 hour. In some experiments the tis-
sue was extracted with GM urea which gave larger
yields than citrate or formate buffer. Fibers pre-
pared from protein dissolved in either urea or
formate buffer gave identical x-ray diffraction pat-
terns.
Stratum corneum was obtained by scraping hu-
man soles and palms and also collected from pa-
tients with idiopathic exfoliative dermatitis and
psoriasis. This material was stirred at 10°C in 100
volumes of .05M phosphate buffer for 48 hours.
The mixture was centrifuged at l000xg and the
precipitate washed two additional times with
phosphate buffer. The sediment was then stirred
in 0.1M formate buffer pH 2.65 at 10°C for 24
hours. The suspension was centrifuged at 20,000xg
for 1 hour and the supernatant dialyzed against
0.1M formate buffer pH 2.65 and then clarified by
centrifugation at 100,000xg for 1 hour. In some
experiments 0.1M formate buffer with 6M urea was
used for the initial extraction.
Purification
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The acid extracts were adjusted to pH 7.0 with
sodium hydroxide and centrifuged at 1,000xg for
1 minute. The precipitates so obtained were sus-
pended in citrate for formate buffer and the solu-
tion readjusted to pH 2.65. The precipitation at
pH 7.0 was repeated two additional times, and the
solution of redissolved precipitate was then clari-
fied by centrifugation at 100,000xg. This fraction
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showed a low content of sulfur-containing
amino acids, similar to what bad been de-
scribed for epidermin and the a fibrous pro-
teins of wool (3). The protein was insoluble
at neutral pH but soluble in 6 M urea through-
out the entire pH range. Sedimentation
equilibrium studies gave a molecular weight of
640,000. These data suggested that prekeratin
could be an aggregate of the smaller subunits
which were isolated by extraction with urea.
These observations indicated a new ap-
proach to the problem of fibrous protein syn-
thesis in the epidermis. Total protein synthesis
had been studied but more specific inves-
tigation of the fibrous proteins was not pos-
sible (4). As a first step it was decided to de-
termine if Rudall and Matoltsy's techniques
were applicable to epidermis in general or
only could be used with cow snout. The pur-
pose of this report is to describe the results
of such studies in guinea pig, frog and hu-
man epidermis, where some interesting differ-
ences were observed.
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will be referred to as the pH 7 precipitated protein.
Further purification was achieved by ascending
column chromatography using sephadex 0-200
with 0.1M ammonium formate buffer at pH 2.65.
The protein content of the fractions obtained was
assayed by measuring the optical density at 277
mp and then disc electrophoresis was performed.
Anolytical Procedures
Disc eleetrophoresis was done at pH 3.0 in a
histidine-formic acid buffer using a 5% acrylamide
gel. The electrophoresis was carried out at room
temperature for 90 minutes using 3 mamps per
tube (6mm in diameter by 60mm in length). The
gels were stained with Amido-Sehwarz in 7%
aqueous acetic acid and then destained with 7%
aqueous acetic acid. Sedimentation coefficients
were calculated in a Beckman analytical ultraeen-
trifuge using Kel-F center-pieces. The solvent
used was 0.1M formate buffer at pH 2.65. Amino
acid analysis was performed on a Phoenix auto-
matic amino acid analyzer and the infrared ab-
sorption spectra on dried films and protein dis-
solved in D20 using a Perkin-Elmer 521 Infrared
Spectrophotometer. Optical rotary dispersion
measurements of the protein solutions were made
in a Perkin-Elmer 141 polarimeter at 20°C. The
nitrogen content of the protein dissolved in
0.1M sodium formate buffer pH 2.65 and of known
weights of dry salt free protein was determined by
Kjeldahl analysis. The protein concentration in
urea was determined by pipetting a known volume
of the protein dissolved in formate buffer into a
preweighed portion of urea and correcting for the
dilution effect.
Specimens for x-ray diffraction analysis were
prepared by blowing concentrated solutions of
protein through narrow tubing into 0.1M sodium
bicarbonate as described by Matoltsy (2). The
fibres which formed were washed free of salt and
stretched and dried at room temperature. Films
were also prepared from solutions of protein in
0.lM and 23M formic acid. The films were either
examined directly or stretched in distilled water
and dried. The stretching procedure was done in
order to orient the specimens. X-ray diffraction
patterns were obtained using nickel-filtered cop-
per radiation (X = 1.54 A) and cameras with a film
to specimen distance of 1.5 or 5.74 cm. Powder
patterns of protein lyophilized from solution were
obtained using a Debye-Scherrer powder camera.
Prints were made directly from the x-ray diffrac-
tion films since this gave superior photographs.
RESULTS
Guinea Pig Epidermis
FIG. 1. Disc electrophoresis at pH 3.0 of protein
extracted from guinea pig epidermis. C is the
crude extract and P the protein purified by pre-
cipitation at pH 7.0. Bands a through b are in-
creased relative to the other components following
purification.
The initial (crude) extract of guinea pig
epidermis was not homogeneous but showed a
number of bands when examined by disc
eleetrophoresis (Fig. 1). Purification by pre-
cipitation at pH 7.0 resulted in a marked en-
richment of the components represented by the
slower moving bands a through b. These were
composed of two major sharp bands (a and b)
and several minor ones. The relative amount of
each of the bands was dependent on the
length of extraction. Band a was most prom-
inent when extraction was carried out over-
night, while band S was the major component
when the tissue was extracted from 15 to 60
minutes. Ultracentrifugation studies of pun-
fled protein obtained by the latter method
showed a large peak with a sedimentation co-
efficient of 4.0 S°20,,. and a smaller one of 8.0
X-ray diffraction studies of fibers and
films made from protein precipitated at pH 7
showed an a pattern with 9.8 A equatorial and
5.1 A meridional reflections (Fig. 2). Fibers
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prepared from pH 7 precipitated protein
which was dissolved in 6M urea and then di-
alyzed against formate buffer showed identical
x-ray diffraction patterns. Heating the solu-
tion of protein for 2 minutes at 60°C before
preparing the fibers also had no effect on the
x-ray diffraction pattern. Films prepared from
the protein which did not precipitate at pH
7 showed broad unoriented halos at about 4.5
A and 10 A indicating a random configura-
tion. Infrared spectroscopy of films cast from a
solution of the a fibrous protein showed a
peak at 1653 cm' in the amide I hand and
1548 cm1 in the amide II band, which are the
characteristic features of an a but not of a /3
configuration (5).
Frog Epidermis
The initial extracts of frog epidermis also
showed a number of components by disc dcc-
trophoresis. There was a relative increase in
the slower moving components following puri-
fication at pH 7.0, but the separation was not
as good as that achieved with the guinea pig
extract (Fig. 3). These slow moving compo-
nents were not identical to those observed in
the guinea pig as judged by their number,
relative intensity and mobility. X-ray diffrac-
tion studies of fibers and films made from pro-
tein isolated by precipitation at pH 7.0
showed a cross /3 pattern with a sharp 4.65
A meridional arc and a halo at 9.8 A slightly
accentuated on the equator (Fig. 2).
Human Stratum Corneum
The extracts of stratum corneum obtained
from normal palms and soles and patients with
exfoliative dermatitis also contained a mix-
ture of proteins (Fig. 4). Only the two slow
moving components were present following
purification at pH 7.0. Cross /3 x-ray diffrac-
tion patterns were obtained from fibers and
films of the pH 7 precipitated proteins as
well as the unpurified proteins (Fig. 2). The
protein soluble at pH 7 showed a random con-
figuration as described above. The powder
pattern obtained from lyophilized pH 7.0 pre-
cipitated protein also showed a sharp ring at
4.65 A (Fig. 5). Similar diffraction patterns
were obtained from protein extracted with or
without urea but the yield was much higher
when urea was used (Table 1). The pH 7.0 pre-
cipitated protein showed two distinct bands on
disc eleetrophoresis, and the two protein com-
ponents could be separated by repeated chro-
matography on a sephadex 0-200 column (Fig.
6). Amino acid analysis of these purified
components showed them to have an identical
composition (Table 2) and it is likely they
represent the same protein in different states
of aggregation. Proteins with identical x-ray
Fm. 2. X-ray diffractograms of fibers made
from proteins purified by precipitation at pH 7.0.
The meridional (m) and equatorial (e) reflections
are indicated by the arrows. A is from guinea pig
epidermis and shows 9.8 A equatorial and 5.1 A
meridional reflections. The meridional reflection
is best visualized as a characteristically flattened
arc by rotating the figure 90°. B is from frog
epidermis and C from human stratum corneum.
Both of these show 9.8 A equatorial and 4.65 A
meridional reflections.
Fm. 3. Disc electrophoresis at pH 3.0 of pro-
tein extracted from frog epidermis. C is the crude
extract and P the protein purified by precipita-
tion at pH 7.0. There is a relative increase in the
intensity of the slow moving bands (indicated by
the bracket) following purification.
FIG. 4. Disc electrophoresis at pH 3.0 of pro-
tein extracted from human stratum corneum. C
is the crude extract and P the protein purified by
precipitation at pH 7.0. Only the two slow moving
bands can be seen following purification.
FIG. 6. Disc electrophoresis of two fractions
isolated from the cross fi protein of human stratum
corneum. A and C are the separated components
and B the mixture.
Fm. 5. Powder pattern of the cross fi protein
extracted from human stratum corneum. A is
the original stratum corneum which shows a diffuse
halo and a sharpS hpid reflection at 4.1 A. B is
the cross p protein with a sharp arc at 4.65 A
indicated by the arrow. C is the a protein ex-
tracted from guinea pig epidermis and shows only
a diffuse halo.
TABLE I
Effect of the extraction procedure on the yield of
protein from the stratum corneum of a patient
with exfoliative dermatitis
The stratum corneum was extracted with 50
volumes of the solvent for 24 hours four times.
Total
protein
gm/IOU gm
Cross 5
protein
gm/iOU gm
Citrate buffer pH 2.65 @ 25° C
6MTJrea@25°C
6MTJrea@40°C
2.0
19.0
20.2
1.1
13.0
14.0
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diffraction characteristics and similar elcc-
trophoretic mobilitics were extracted from
psoriatic stratum corneum.
The results of optical rotary dispersion stud-
ies on the cross /3 proteins obtained from hu-
man stratum corneum are shown in Fig. 7.
There was a significant difference in the spe-
cific rotation when urea was added which is
P
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reflected in the change in a0 on the Mof-
fltt plot. The values for b0 are small and
difficult to interpret (6).
Infrared spectroscopy done on a 10% solu-
tion of the purified cross /3 protein in D20
TABLE II
Arniao ocid composition of the two corn ponents
fractionated from the cross 3 protein
extracted from human stratum
corneum
1 and 2 refer to the bands noted in the elec-
trophonetic pattern (Figure 6).
Band i Band 2*
Asp 9.79 10.3
Threo 6.73 6.21
8cr 10.8 10.4
Glu 12.4 12.8
Pro 6.16 5.67
Gly 8.98 9.87
Ala 7.26 7.39
Cyst () 1.62 1.48
I/al 4.68 4.29
Meth 1.57 1.62
Iso 2.14 2.07
Len 8.33 8.36
Try 3.42 3.45
0 ala 3.16 3.22
Lys 6.69 6.69
Hist 1.97 1.96
Arg 4.21 4.19
c'i
Ox CJ0
'Ox
300
ct
Fin. 8. X-ray diffractograms of the fibrous pro-
teins obtained from human epidermis. The merid-
ional (m) and equatorial (a) reflections are
indicated by arrows. A is the cross fi protein with
9.8 A equatorial and 4.65 A meridional reflections.
B is the a protcio and C the original epidermis.
Thcs2 two show 9.8 A anuatorial and 5.1 A merid-
ional reflections. The 5.1 A reflection is best
visualized as a characteristically flattened arc by
rotating the figure 90*.
showed a peak in the amide I band at 1630
cm' which is consistent with a /3 configura-
tion (5).
Human Epidermis
The initial extract of human epidermis
yielded a number of proteins as with the other
tissues. When the solution of protein was
raised to pH 7.0 a precipitate formed which
could only be partially redissolved in formate
buffer. X-ray diffraction patterns of the insolu-
ble precipitate gave an a pattern while the re-
dissolved protein gave the same cross /3 as seen
in the stratum corneum (Fig. 8). The results
were the same for protein extracted with or
without urea.
DsscussiON
The chemical composition of the fibrous pro-
teins of epithelial origin is not sufficiently
distinctive to be used for characterization pur-
poses. Thus, in order to identify the structural
proteins from among the many other proteins
which can be extracted from the epidermis x-
ray diffraction and/or electron microscopy
must be combined with chemical studies. In
this project we have used x-ray diffraction
analysis to compare the proteins extracted
from different tissues by similar solvents.
The acid soluble a protein observed in
guinea pig epidermis is comparable in solu-
bility and x-ray diffraction pattern to the
structural protein (prekeratin) extracted from
cow snout epidermis by Matoltsy. On the
* \Talues given are residues per 100 residues.
—200
—400
—600
—800
0.1 0.2 0.3 0.4 0.5
)a \2
Fm. 7. The Moffitt plot of optical rotary dis-
persion data of the cross p protein from human
stratum corneum. The protein dissolved in iN
formata buffer pH 2.65 is indicated by •, while
the protein in formatc with 6M urea is C. 2*0
212 mp. a0 C = —600, ao • = 370, b0 0 = —30
and b0• = —140.
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other hand, the fibrous proteins of frog epi-
dermis gave an x-ray diffraction patterD dif-
ferent from that of cow snout epidermis.
Electron microscopy (7) and x-ray diffraction
studies (8) indicate that amphibian epidermis
contains a protein in the form of tonofilaments
similar to those of mammals. Frog epidermis
differs from mammalian epidermis in that it
shows a less well developed stratum corneum.
However, an a protein could not be extracted
from frog epidermis, but a rather poorly oriented
cross /3 protein could. Since it was recovered in
amounts up to 20% (dry weight) and since the
cross /3 pattern was not observed in the intact
epidermis, it is possible that this represents an
altered a fibrous protein.
Previous reports suggested that a fibrous
protein could not be extracted from human epi-
dermis by urea (9). By the techniques used in
this study both an a and a cross /3 component
were identified. A cross /3 protein was also
isolated from stratum corneum and this was
studied further.
The presence of a cross /3 structure in fibers
and films does not necessarily mean that the
protein has a cross /3 structure in solution. It
has been observed that the cross /9 structure can
be induced in fibers made from denatured egg
albumin (10). Several observations suggest,
however, that the epidermal protein has an or-
dered configuration in solution. The powder
pattern of the lyophilized pH 7 precipitated
protein (i.e. unstretched and unoriented)
shows a particularly strong and distinct 4.65
A reflection. This reflection does not appear to
be a characteristic of all cross /3 proteins since
the protein extracted from enamel, which
gives a cross /3 pattern when reconstituted as
fibers, does not demonstrate this. Infrared
spectroscopy of the protein in solution showed
a pattern consistent with a /3 configuration
and quite different from the a protein ob-
tained from guinea pig epidermis. Changes in
the specific rotation on addition of urea fur-
ther indicate that the native protein does not
have a random configuration in solution. It is
not possible, however, to assign a specific con-
figuration to the protein on the basis of the
values of a0 and b0. Finally, the methods used
to orient the films and fibers prepared from
the various tissues were identical, and it
does not seem reasonable that the cross /3 con-
figuration was induced in one case and not
in another.
The question remains, however, whether the
observed cross /3 component extracted from
human stratum corneum exists in that con-
figuration in the tissue, or is derived from a
protein with an a structure. The amino acid
composition of the cross /3 protein is similar
to that reported for whole stratum corneum
where the a fibrous protein is estimated to
represent 70% of the protein (11). If the cross
/3 component is a unique protein and not a
modified a, significant differences in composi-
tion might be expected. Furthermore the cross
/3 protein represents about 10% of the dry
weight of the stratum corneum, but no cross
/3 structure could be observed in the original
stratum corneum. Although the available data
suggest that the cross /3 protein in frog and
human epidermis is an altered form of the a,
the existence of a distinct cross /3 component
cannot be ruled out. Naturally occurring cross
/3 proteins have been previously reported in
embryonic enamel (12), bacterial flagella (13)
and in the chrysopa (14), in addition to those
induced in denatured globular protein and su-
pcrcontractcd wool (15). The matrix protein
of cow epidermis has been referred to as a
/3 protein, although the x-ray diffraction pat-
tern obtained is characteristic of a disoriented
protein.
The exact relationship of the cross /3 protein
to the other epidcrmal proteins is not clear at
this time. Although the amino acid composi-
tion of the cross /3 protein is in many respects
similar to prckeratin there are a number of
significant differences. These could be related
to species differences or the two proteins
could be entirely dissimilar. The isolation,
purification and characterization of the a
protein from human epidermis and stratum
corneum should provide the answer to this
problem. This work is now in progress.
SUMMARY
Extraction of guinea pig, frog and human
epidermis with urea or acid buffer at pH 2.65
yields a number of proteins. A characteristic
fibrous protein can be isolated from each of the
tissues by repeated precipitation at pH 7.0.
X-ray diffraction analyses of fibers and films
prepared from guinea pig fibrous protein
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showed an a pattern while those from the frog
gave a cross /3 pattern. Human stratum cor-
neum yielded proteins with a cross /3 pattern
while whole epidermis revealed both a and cross
/3 components. The evidence suggests that the
cross /3 protein is an altered a but its presence
as a unique protein in the epidermis can not
be excluded.
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